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The cha l lenge  t o  o b t a i n  comprehensive a n a l y t i c a l  in format ion  on  
f o s s i l  f u e l s  has  l e d  t o  t h e  development of advanced methods i n  a n a l y t i c a l  
py ro lys i s .  Extent ion of m a t e r i a l  s c i ence  c h a r a c t e r i z a t i o n  techniques t o  
coa l  and s h a l e s  has  permi t ted  composi t ional  d a t a  (e lemental  and s t r u c t u r a l )  
t o  be obtained on t h e  s o l i d  and generated v o l a t i l e s .  
has  been s u c c e s s f u l l y  appl ied  i n  both m a t e r i a l  s c i ences  (1) and f o s s i l  6 u e l  
s t u d i e s  (2-4) wi th  emphasis on t h e  s imula t ion  of process  cond i t ions  
coupled t o  on- l ine  gas  chromatographic (GC) a n a l y s i s .  Ana ly t i ca l  p y r o l y s i s  
coupled wi th  advanced concen t r a to r  technology is  now app l i ed  t o  f o s s i l  
f u e l s  t o  provide  a more complete range of in format ion  i n  a c o s t - e f f e c t i v e  
manner. 

CDS ins t rumen ta t ion  

Development of a thermal  degrada t ion  p r o f i l e  involves  a p p l i c a t i o n  
of con t ro l l ed  thermal  inpi i ts  under i n e r t  and r e a c t i v e  atmospheres w i t h i n  
t h e  range of  r e a l i s t i c  process  condi t ions .  Experimental des ign  f o r  t h e  
c o a l  and s h a l e s  has  u t i l i z e d  t h e  Pyroprobe 123 system coupled t o  a modern 
GC u n i t  w i th  c a p i l l a r y  column c a p a b i l i t i e s .  Evolved v o l a t i l e s  a r e  produced 
from e i t h e r  pulsed py ro lys i s  o r  programmed hea t ing  throughout  chosen temp- 
e r a t u r e  i n t e r v a l s  between 100-100O'C. Both i n e r t  and r e a c t i v e  atmospheres 
in f luence  t h e  n a t u r e  and amount of evolved v o l a t i l e s .  The lat ter a r e  
t rapped on a concen t r a to r  t r a p  t h a t  is  i n t e g r a l  t o  t h e  123 system; t h e  
v o l a t i l e s  a r e  then  thermally desorbed a s  a sharp  p u l s e  i n t o  t h e  GC.  S ince  
these  da t a  a r e  obta ined  from weighed (mil l igram) amounts of c o a l  s h a l e  
samples, mass ba lance  c a l c u l a t i o n s  may be  obta ined  under t h e  f u l l  range of 
imposed the rma l f r eac t ive  t rea tments .  

F igure  1 shows t h e  FID/GC chromatogram of v o l a t i l e s  evolved from 
5 mg of coa l  under an  ( a )  ox ida t ive  ( a i r )  and (b) i n e r t  (helium) atmosphere 
i n  t h e  low-temperature range (held a t  275°C f o r  10 minutes) .  This a n a l y s i s  
of t h e  v o l a t i l e s  i l l u s t r a t e s  t h e  type  of GC p a t t e r n  which, when coupled 
wi th  i d e n t i f i c a t i o n  and q u a n t i t a t i o n ,  p rovide  t h e  needed d e t a i l e d  s t r u c t u r a l  
information.  Se lec ted  r e fe rence  compounds and i n t e r n a l  s t anda rd iza t ion  pro-  
cedures a l low s p e c i f i c  monitor ing of subs tances  and t h e i r  f a t e  under t h e  
chosen cond i t ions ,  i . e .  water ,  entrapped gases ,  e t c .  

I n  a d d i t i o n  t o  t h e  low-level thermal  process ing  of f o s s i l  f u e l  
samples under i n e r t ,  ox ida t ion ,  o r  r educ t ive  atmospheres, h igher  tempera tures  
a t  varying rates may be imposed upon t h e  samples. I n  F igure  2 ,  p y r o l y s i s  
pa t t e rns  a r e  shown from a c o a l  sample t r e a t e d  a t  60°/min t o  1000°C f o r  32 min. 
under an (a )  a i r  and (b)  helium atmosphere. The evolved v o l a t i l e s  were 
co l l ec t ed  i n  t h e  in te rna lyenax  t r a p  and subsequent ly  thermal ly  desorbed i n t o  
t h e  c a p i l l a r y  GC system u d e r  t h e  cond i t ions  g iven  i n  Table  1. Other 
workers have shown t h a t  1-alkene/alkane r a t i o s  are c o r r e l a t e d  t o  process  
y i e l d s  from o i l  s h a l e s  (5) .  
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Previous s t u d i e s  i n  m a t e r i a l  sc iences  w i t h  complex polymer formu- 
l a t i o n s  for  smoke, f lammabi l i ty ,  and t o x i c i t y  s t u d i e s  have a l s o  shown t h a t  
o x i d a t i v e  thermal  t rea tments  markedly a l te r  t h e  genera t ion  and r e a c t i o n  
of polyenyl f r e e - r a d i c a l s  i n  t h e  s o l i d  phase ( 6 ) .  Cer ta in  organic / inorganic  
m a t r i c e s  produce increased  cross - l ink ing  and char  when pyrolyzed under oxi- 
d a t i v e  (combustive) a tmospheres ,  while  increased  cha in-sc iss ion  and g r e a t e r  
v o l a t i l i z a t i o n  r e s u l t e d  from degrada t ion  under i n e r t  ( p y r o l y t i c )  atmos- 
pheres .  Conjugated a romat ic  s t r u c t u r e s  a r e  dramat ica l ly  a f f e c t e d  by t h e s e  
f a c t o r s .  

F u r t h e r  s t u d i e s  t o  c o n t r o l  and opt imize t h e  thermal degrada t ion  
pathways of complex organic  systems have shown t h a t  c e r t a i n  inorganic  
a d d i t i v e s  a r e  very  e f f e c t i v e .  The r o l e  of t rans i t ion-meta i  compounds has  
been s tudied  e x t e n s i v e l y  (7) a s  smoke suppressant  a d d i t i v e s  t h a t  promote 
ex tens ive  c r o s s - l i n k i n g  i n  t h e  s o l i d  phase by a proposed " reduct ive  
coupl ing" mechanism (7b) .  Hence, sc reening  of such a d d i t i v e s  t o  e f f e c t  t h e  
d e s i r e d  cha in-sc iss ion  and v o l a t i l i z a t i o n  is  d i r e c t l y  accomplished by t h e  
a n a l y t i c a l  p y r o l y s i s  method. Thereby, a d d i t i o n  of s e l e c t e d  inorganics  o r  
organometa l l ics  t o  t h e  c o a l  o r  s h a l e  mat r ix  permits  op t imiza t ion  of 
degrada t ion  pathways i n  c o a l  g a s i f i c a t i o n ,  d e n i t r i f i c a t i o n ,  o r  d e s u l f u r i -  
z a t i o n  processes .  I l l u s t r a t i o n s  w i l l  be  shown t o  demonstrate t h i s  r o l e  of 
a n a l y t i c a l  p y r o l y s i s .  

F i n a l l y ,  i n  concer t  wi th  t h e  d e t a i l e d  monitor ing of key products  
and t h e  chromatographic p a t t e r n s  as a f u n c t i o n  of t h e s e  thermal / reac t ive  
t rea tments ,  t h e  o v e r a l l  e lementa l  composition of c o a l  and s h a l e s  i s  
important d a t a .  A unique c a p b i l i t y  of CDS ins t rumenta t ion  i s  shown i n  
F igure  3 w i t h  t h e  s imultaneous de te rmina t ion  of CHNS content  of a t y p i c a l  
c o a l  sample. This a n a l y s i s  is  accomplished by on-l ine r e a c t i o n  GC t o  
e f f e c t  s tandard  microchemical conversions of t h e  v o l a t i l e s  generated from 
t h e  c o a l  sample (heated t o  1300'C i n  oxygen). With such d a t a ,  e f f e c t i v e  N 
o r  S removal t rea tments  may be monitored i n  concer t  wi th  t h e  v o l a t i l e  
composition, s i n c e  only  a few mi l l ig rams a r e  needed f o r  t h e s e  ana lyses .  

In  summary, i t  can  be demonstrated t h a t  v a l u a b l e  informat ion  i s  
generated i n  l a b o r a t o r y  s c a l e  by s imula t ion  and a n a l y s i s  of r e a l i s t i c  
process  v a r i a b l e s  o f  temperature ,  atmosphere, and c a t a l y t i c  a d d i t i v e s .  This 
d a t a  should a i d  on-going c o a l  conversion process  technologies  a s  t h e  thermal  
degradat ion p r o f i l e  i s  f u r t h e r  developed. 
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T a b l e  1 ~- 

320 Concent ra tor  

S a m p l e :  5 mg coal i n  q u a r t z  t u b e / c o i l  

S a m p l i n g :  Desorber P u r g e  1 r n i n . ,  no  h e a t  
P y r o p r o b e  

Desorber Heat 250°C f o r  1 5  m i n .  
24"  x 1 /8 "  OD SS T e n a x  T r a p  - 
2 0  m l / m i n  H e  ( o r  a i r )  

I n j e c t i o n :  B a c k f l u s h  T r a p  A a t  6 0  m l / m i n .  
He ( s p l i t  f l o w )  a t  265°C f o r  5 
min  t o  G C  

R e c o n d i t i o n :  B a c k f l u s h  T r a p  A a t  2 5  m l / m i n  
He a t  265°C f o r  1 0  m i n .  

P y r o l y s i s  

S a m p l i n g :  P y r o p r o b e :  1 0 0 0 ° C  a t  6 0 " / m i n  

Desorber P u r g e  1 m i n ,  no h e a t  
D e s o r b e r  Heat 250°C f o r  3 2  min,  

f o r  3 0  min  

20 m l / m i n  H e  (or  a i r )  
I n j e c t i o n :  A s  a b o v e  
R e c o n d i t i o n :  As a b o v e  

GC A n a l y s i s  - P e r k i n  E l m e r ,  S i g m a  11, FID _ _ _ ~  

Column:  2 5  x .21  mm I D  f l e x i b l e  f u s e d  

Oven :  4 0 " C ,  2 m i n ,  t h e n  1 0 " / m i n  t o  2 7 5 " C ,  

S p l i t  flow: 60 m l / m i n  H e ;  s p l i t  r a t i o ,  
6 0 :  1 

Detector:  A t t ' n  x as  n o t e d  
C h a r t :  1 cm/min 

s i l i c a  WCOT OV-101 

1 0  min  
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Figure 1 - Coal Volatiles Analyzed by Capillary 

GC - Thermal Treatment at Low Temp- 
erature (275°C. 10 min) in (a) air 
(b) helium 

COAL VOLATILES ANALYZED BY CAPILLARY GC 

(a) AIR J- / Ir " ' 

I I 1 0 0 0 ~ ~  at 60°, min (b) HELIUM 
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Figure 2 - Coal Volatiles Analyzed by Capillary 

G C  - Thermal Treatment at high 
temperature (100' to 1OOO'C at 
60'/rnin) in (a) air (b) helium 

ON-LINE SIMULTANEOUS C,H,N,S 
ANALYSIS OF COAL 

I 
co2 

I H20 

Figure 3 - On-line, Simultaneous Elemental 
C, H, N ,  S, Analysis of coal 
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